these we must eat, and we are not eating them-hence the deficiency diseases. It is not the trinity of vitamins alone which is generally necessary to salvation; it is the other things to which I have referred which act in conjunction with the vitamins, and without which the vitamins are powerless. These others are like the berries on the mistletoe, and we know that " it's the berries as does it."
Lieut.-Colonel R. MCCARRISON, C.I.E., I.M.S.
THE EFFECTS OF VITAMIN DEFICIENCY ON THE GASTRO-INTESTINAL TRACT.
I propose to direct your attention to the results of certain experiments carried out in monkeys in 1919, which led me to suggest that food deficient in vitamins is an important factor in the causation of a number of the gastro-intestinal disorders so common at the present day. The disorders to which I allude include irregular action of the bowels whether in the direction of intestinal fluxes or of constipation, infection of the gastro-intestinal tract, chronic digestive disturbances with impaired absorption and assimilation of food, gastro-intestinal stasis, mucous disease in children, and colitis in adults. I will preface my remarks by a reference to three points: First, that vitamin deficiency of lesser degree when protracted over longer periods of time, may give rise to effects similar to vitamin deficiency of greater degree when protracted over a shorter period of time. Thus, while a diet of washed polished rice, which is deficient in vitamin A as well as in vitamin B, will cause polyneuritis colqtmbarum in as short a period as twenty days, a diet of rice which is less polished may require as long as 120 days in which to produce this malady. There is this difference, however, in the two cases, that while in the first the animals die from acute vitamin starvation, in the second they are prone to be carried off by some intercurrent infection, commonly of intestinal origin, during the prolonged period they are under the influence of chronic vitamin starvation; and here I would emphasize again, as I did some years ago, that long before the grosser evidences of vitamin deficiency manifest themselves the health of the gastro-intestinal tract has begun to suffer.
The second point is the extraordinary variation in individual idiosyncrasy of animals of the same species and age to chronic vitamin starvation. Thus of 100 pigeons of the same strain and of approximately the same age, obtained from the same locality, about twenty-five were found to flourish during a period of 100 davs on an exclusive diet of parboiled rice (which I have shown to be deficient-in vitamin A). Fifty remained at maintenance level, while the remaining twenty-five went steadily downhill and frequently died of diseases due to pathogenic agents of which they happened to be the ' carriers" at the time the experiment was initiated. the same diet after it had been subjected to a sufficient degree of heat in the autoclave to reduce its vitamin value very markedly. Some were given fresh onion in addition to this autoclaved food, in order to ensure a sufficient supply of vitamin C; some were given onion and fresh butter in order to ensure a sufficient supply of both vitamin C and vitamin A; the food of all of them was deficient in vitamin B. The control animals, which received this food in its natural state, remained in good health; a few of them had some jaundice early in the course of the experiment, due, no doubt, to sudden restriction of their active habits and to the over-eating of groundnuts. But those that received the autoclaved food, whether with onion alone or with butter and onion, soon began to show signs of impaired health. They survived for periods ranging from fifty-one to one hundred days. Careful history sheets of the symptoms they exhibited were kept. During this period they lost weight and their appetites became impaired. The most constant and one of the earliest symptoms from which they suffered was diarrhoea either with or without mucus and blood in the stools. Dysentery without preliminary diarrhoea developed in five of them; diarrhoea alone in four; so that of the eleven animals fed in this way, nine or 81 per cent. exhibited a severe intestinal flux, while the eight control animals, living in the same room and having the same food which had not been autoclaved, remained free from these disorders and indeed in good health generally (after a dose or two of Epsom salts had freed them of their jaundice). Of the five animals which suffered from dysentery some were found to have cystic and active forms of Entamniba histolytica in the stools, the active forms containing ingested blood-corpuscles. Others had amcebw, also, but unless these were found to contain blood-corpuscles the diagnosis of amoebic dysentery was not made.
Examination of the eight controls showed that two of them were "carriers" of entamceba cysts. The conclusion was accordingly reached that the animals which presented amoebic dysentery had also been ''carriers" of this organism when the experiment was begun, and that the amoeba had remained harmless to the well-fed animals while it attacked those the food of which was deficient in vitamins. No bacteriological examination was made to ascertain the nature of the dysentery, which was not diagnosed as amoebic, or of the diarrhoea; but it can hardly be doubted that bacterial agents were concerned in their production. The first effect, then, of food deficient in vitamins is to render the intestinal tract, and more especially certain parts of it, susceptible to invasion by bacterial or protozoal agents. It renders pathogenic to the ill-fed host organisms that may be non-pathogenic to the well-fed host, a conclusion which I reached in 1914 when I observed the greatly increased susceptibility of pigeons to infection by B. suipestifer when fed on polished rice.
In due time these monkeys died, or more often they were killed when about to die. The gross anatomical lesions present were as follows: (1) Most, but rarely all, of these changes were present in all deficiently-fed animals. In some they were more marked than in others-the rule that each individual is a law to itself in regard to the effects of vitamin want being observed also in these experiments. In general they were more pronounced and more frequent in those animals whose food was deficient in vitamin A as well as in vitamin B. Thus, colitis was present in all six monkeys fed on autoclaved food deficient in both vitamins, but present only in two out of five animals whose food was deficient only in vitamin B. Shallow ulcers in the region of the pylorus were present in two of the former group and in none of the latter; marked dilatation of the stomach in four of the former and in two of the latter; enlargement of the mesenteric glands in all six of the former and in four of the latter; atrophy of the pancreas in four of the former and in two of the latter.
More recently Dr. Cramer, using rats fed on synthetic diets deficient either in vitamin A or in vitamin B, has found that digestion of fats is less complete or less rapid in the absence of vitamins; that the effect on fat-absorption is an immediate one; and that vitamins A and B, especially the latter, produce a definite stimulating action on the processes of intestinal digestion and absorption. He attributes to want of vitamin A alone the loss of the protective mucus covering the mucous membrane ; this is an important factor in facilitating the bacterial invasion of the mucosa which he also observed in his animals; and he attaches to this deficiency an important share in causing the impairment of the absorptive function of the mucous membrane. He regards the atrophy of the lymphoid elements of the intestinal mucosa, to which I have referred, as the specific effect of want of vitamin B.
Dr. Gross, working also with rats, and using synthetic diets deficient in vitamin B, has demonstrated in vivo and in vitro that pronounced impairment of the motor functions of the intestinal tract, due either to atrophy or other qualitative changes in the muscular or neuro-muscular apparatus, results in consequence of want of this vitamin.
In a recent paper published in the Journal of Experitmental MlVedicine, December, 1924 , Pappenheimer and Larimore record the occurrence of gastric lesions in 55 per cent. of rats fed on synthetic diets in which the only known deficiency was want of vitamin A. They found that the addition of cod-liver oil to these diets afforded complete protection against these gastric lesions. The authors discuss various pros and cons in connexion with their observations, amongst others that the ingestion of some infective agent with the animals' hair (which they habitually ate), or irritation from the hair itself, are factors concerned in the production of these lesions. The kernel of their observations, however, consists in this, that the incidence of these gastric lesions is definitely related to deficiency in the diet of some undetermined substance which for practical purposes may be classed with the vitamins. The authors comment on the fact that the gastric lesions resulting in their rats from food deficiency bear a remarkably close resemblance to those described by Fibiger as resulting from infestation by the nematode Spiroptera neoplastica, which was never present in their rats. They point out that in the only reference to the diet of Fibiger's rats it is stated that they were fed exclusively on white bread. In this connexion I may refer to the effect, which I observed in pigeons, of diets deficient in vitamins, in favouring the action of an invisible virus capable of causing epithelial new-growth and of the disease known as epithelioma contagiosurm; and point to the similarity of the epithelial hyperplasia produced by this virus to the papillary outgrowtbs and downgrowths of epithelium figured in some of Pappenheimer's gastric lesions in rats and comparable to the downgrowths of epithelium, resembling commencing carcinomatous change, encountered in one of my monkeys.
If, then, it be remembered that lesser degrees of vitamin deficiency when protracted over longer periods of time are likely to give rise to effects similar to those of greater degrees of deficiency when protracted over shorter periods of time, the derangements in the digestive, absorptive and motor functions of the gastro-intestinal tract and its greatly increased susceptibility to attacks by bacterial and other pathogenic agents, which have been sbown to result from vitamin deficiency in monkeys and in rats, provide reasonable grounds for the belief that vitamin deficiency-using the term " vitamin " in its widest possible sense-is to be regarded as an important factor in the causation of the common gastro-intestinal disorders of mankind.
Dr. W. CRAMER.
In discussing the non-specific impairments of health due to vitamin deficiencies I meet from the outset with the difficulty that I find no justification for the fundamental distinction between specific and non-specific impairments of health due to vitamins.
[Dr. CRAMER here paid a tribute to the pioneer work of Colonel R. McCarrison [14] oni the aspect of the vitamini problem which was under discussion that evening. He said he was in agreement with most of Colonel McCarrison's conclusions. Minor differences in their observations could be attributed to the fact that he (the speaker) had worked mainly with single vitamin deficiencies operating on a synthetic diet with properly balanced inorganic salts, while Colonel McCarrison had observed the effects of the deficiency of more than one vitamin in natural diets where other factors such as proteins of low biological value and a disproportion of inorganic salts were additional factors. He (Dr. Cramer) protested against the extension of the vitamin conception as unjustified; he pleaded for a restriction of the term vitamin to the three food accessory factors, A, B and C. Contrary to what had been stated light could not replace any of the vitamins. Several observers, including himself, had succeeded in rearing animals in the absence of light, but nobody had as yet been able to rear animals in the absence of vitamins no matter how much light was applied. All that light could do in those circumstances was slightly to delay the fatal issue.] He then continued:-I shall attempt to show that both are manifestatlons of specific pathological changes and that in fact the so-called specific deficiency diseases are merely the last links in a chain of events of which the so-called non-specific impairments are the earlier ones.
At the present time the existence of non-specific impairments of health is either denied or is disregarded as not being of much account. The reason for this is the peculiar conception which has been formed of the Ltiology of the so-called deficiency diseases. When vitamins are withheld from the diet the growth of the experimental animals is at first retarded and then ceases, so that the animal for a time maintains its weight. It is asserted that an animal in that condition, as long as it maintains its weight, is never-theless in a perfectly normal state of health. For instance, in the recent edition of Bayliss's "Principles of General Physiology," revised by Drummond, it is stated " that a diet wanting in something necessary for growth may nevertheless be capable of keeping up the general condition in a normal manner." Later, the weight declines and then obvious symptoms of disease appear and the vitamin deficienDy is believed to produce its effect on health .from the period when the weight of' the
